1. Introduction {#s0005}
===============

Heart failure is a global public health burden, associated with high morbidity, mortality and cost. It occurs in 1--2% of adults in developed countries; this prevalence increase to about 8.4% in population above 70 years old.[@b0005], [@b0010]

Diuretics, especially loop diuretics are commonly used in heart failure patients to alleviate symptoms of congestion, to improve exercise capacity,[@b0015] and to reduce mortality risk.[@b0020] The use of diuretics has however, many drawbacks. Rapid intravascular volume depletion and direct venodilation caused by diuresis may cause hypotension.[@b0025] The use of loop diuretics is associated with activation of the renin-angiotensin-aldosterone and sympathetic nervous systems.[@b0030], [@b0035] Furthermore, renal hypoperfusion induced by hypotension and the neuro-humoral activation may precipitate cardio-renal syndrome.[@b0040], [@b0045] Hypokalemia is another commonly encountered complication that accompanies loop diuretics\' administration.[@b0050], [@b0055]

Intravenous loop diuretics are routinely administered either as intravenous boluses or continuous infusions. The most appropriate method of administration is still controversial. The use of continuous infusion may theoretically be more beneficial. Early studies showed that intravenous boluses are associated with paradoxical increase in systemic vascular resistance, increased neuro-humoral activation and decreased cardiac indices.[@b0045], [@b0060] The use of continuous infusion of loop diuretics was seen to increase diuretic efficacy and reduce diuretic toxicity by using lower doses in post cardiac surgery patients with heart failure.[@b0065] On the other hand, the DOSE trial revealed no significant difference between continuous infusion and boluses in terms of efficacy and change from baseline renal functions.[@b0070]

Impedance cardiography (IC) is a non-invasive method for continuous hemodynamic monitoring which is safe, reproducible and can be used across the wide spectrum of heart failure patients.[@b0075] One of the valuable hemodynamic parameters that are assessed by IC is the thoracic fluid content (TFC). It is inversely related to the chest wall impedance-i.e.; as the TFC increases, chest wall impedance decreases-. TFC correlates with intravascular and extravascular fluid compartments in the chest.[@b0080]

We intended in this study to compare intravenous furosemide administration as a continuous infusion versus intermittent boluses in patients with acute decompensated heart failure (ADHF) in terms of reducing TFC, clinical improvement and safety.

2. Patients and methods {#s0010}
=======================

This is a prospective, randomized, pilot study comparing continuous versus intermittent administration of intravenous furosemide in patients with a diagnosis of ADHF with evidence of volume overload. We included patients admitted to the critical care department, Cairo University Hospitals, Egypt in the period from November 2014 to July 2015 with volume overload. Volume overload was defined as: at least one symptom (dyspnea at rest, orthopnea or peripheral edema) plus at least one clinical sign (rales of pulmonary congestion, jugular vein dilatation, or a third heart sound).

We excluded from the study patients with an age of 18 years or less, patients with heart failure with preserved EF (EF \> 40%), patients with recent myocardial infarction within 30 days of admission, patients with serum creatinine levels \> 4.0 mg/dL and those who required renal replacement therapy during their hospital stay.

After enrollment, all patients were subjected to detailed history and clinical examination, emphasizing on the cause of heart failure, NYHA class, vital signs and urine output.

Complete blood count, liver function tests, cardiac biomarkers, serum creatinine, serum sodium and potassium were performed on admission and repeated daily for the 1st 3 days after admission. Creatinine clearance (CrCl) was estimated using the Cockcroft -- Galt equation.[@b0085]

All patients were randomized in a 1:1 ratio into two groups. Group I patients received furosemide infusion at a dose of 5 mg/h and Group II patients received furosemide at a dose of 40 mg every 8 h. Subsequent dose titration of furosemide was allowed only after 24 h of enrollment based on the patient's response.

The use of additional agents to manage ADHF (ACE-I/ARBs, Digoxin, Nitrates, Nor-adrenaline and/or Dobutamine) were decided based upon current guidelines of management of ADHF but no other types of diuretic agents were allowed during the study period.

Thoracic fluid content was measured using non-invasive electrical cardiometry device (ICON Cardiotronics, Inc, La Jolla, CA 92,307, Osypka Medical GmbH, Berlin, Germany). The device emits electrical current with high frequency-low constant amplitude that is interpreted by the device. This current is very low and is not harmful to patients. The measurement unit is kΩ^−1^. Normal value range is 25--35 kΩ^−1^.[@b0090]

Electrical cardiometry was performed by applying 4 electrodes; 2 electrodes were applied to the neck on the left side (the 1st electrode placed above the root of the neck by about 5 cm and the 2nd electrode placed at the root of neck). The other 2 electrodes were applied to chest wall (one was placed on the level of xiphoid on the left side and the other placed 5 cm lateral to the previously placed electrode at level of anterior axillary line). Patient data including gender, weight, height and age were fed to the device before obtaining measurements. TFC was measured on admission and then 24 h and 48 h later. The decrease in TFC over time was estimated as Δ TFC. Δ TFC~1~ represents the decrease during first 24 h (Δ TFC~1~ = TFC on admission -- TFC after 24 h) and Δ TFC~2~ represents the decrease during the second day of admission (ΔTFC~2~ = TFC after 24 h -- TFC after 48 h).

All patients were monitored for hourly urine output for every kg of body weight (mL/kg/h) and weight reduction (weight reduction during 1st 24 h = body weight on admission -- body weight after 24 h) (kg/day). The evaluated adverse effects included serum electrolytes, renal functions and occurrence of acute kidney injury (defined as acute elevation of serum creatinine ≥0.3 mg/dl within 48 h).[@b0095] Occurrence of hypokalemia (defined as serum K^+^ level ≤ 3.5 meq/L) and the need of vasoactive and/or inotropic support were evaluated.

Other outcome parameters evaluated included average ICU length of stay (ICU-LOS) and in-hospital mortality.

Informed consent was obtained from each patient. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institutional review board at Cairo University.

2.2. Statistical methods {#s0015}
------------------------

Data were prospectively collected and coded prior to analysis using the statistical package of social science (SPSS version 16). Normal distribution of different dependent variables in relation to their independent variables was studied. A variable was considered normally distributed if the Shapiro-Wilk's test had a P \> .05.[@b0100], [@b0105] and with z-value of skewness and kurtosis between −1.96 and +1.96.[@b0110] Most of our variables were non-normally distributed and accordingly all continuous variables were expressed as median (25th percentile-75th percentile). Categorical variables were expressed as frequency and proportion.

Nonparametric Mann-Whitney U test was used for comparison between two groups as regard quantitative variable and Wilcoxon test was used for paired comparisons for TFC on admission and after 24 h. Chi-Square Test (*x*^2^) was used for comparison between two groups about qualitative data. Exact test was used instead when the expected frequency is less than 5. P value ≤ 0.05 was considered statistically significant.

3. Results {#s0020}
==========

A total of 60 patients were initially enrolled in the study. 11 patients were excluded for preserved ejection fraction (\>40%), 4 for serum Creatinine \> 4 mg/dL, and 5 for recent myocardial infarction within 30 days of admission. Thus, 40 patients (24 males and 16 females) with a median age (Q1--Q3) of 54.5 (43.8--63.8) years old were randomly assigned to one of the two groups; Group I (n = 20 patients) representing those who received furosemide in the form of continuous IV infusion and Group II (n = 20 patients) representing those who received furosemide in three daily intermittent boluses. The baseline demographic and clinical criteria of the patients' population are presented in [Table 1](#t0005){ref-type="table"}.Table 1Baseline characteristics of the study population.Group IGroup IIP valueAge \[median (Q1--Q3) years old\]53.5 (43.5--62.8)57 (46--65).9Male gender \[No (%)\]13 (65%)11 (55%).75Body weight (kg)87 (76.4--97)78 (73--86).06Co-morbidities \[No (%)\]Smoking6 (30%)8 (40%).52Diabetes mellitus10 (50%)10 (50%)1.0Hypertension15 (75%)12 (60%).5Dyslipidemia10 (55%)9 (45%).56Etiology of heart failure \[No (%)\]Ischemic14 (70%)14 (70%).58Idiopathic6 (30%)5 (25%)Valvular01 (5%)NYHA class on admissionIII5 (25%)8 (40%).5IV15 (75%)12 (60%)Admission blood pressure \[mean ± SD (mmHg)\]SBP110 (106.3--117.5)110 (110--120).7MAP83.3 (78.3--86.7)83.3 (76.8--86.7).1DBP70 (70--77.5)70 (60--70).4Admission HR \[mean ± SD (bpm)\]102 (95--110)108 (91--115)0.6AF on admission \[No (%)\]6 (30%)7 (35%)0.74Echocardiographic findingsEDD (cm)5.9 (5.2--6.4)5.5 (5.3--6.5).7ESD (cm)4.7 (4--5.2)4.1 (3.4--6.2).3EF (%)38 (27.3--41.8)37 (30--40).8Serum Na^+^ \[mean ± SD (meq/L)\]134 (130--136)136 (132--138).2Serum K^+^ \[mean ± SD (meq/L)\]4 (3.7--4.2)3.9 (3.7--4.2).8Admission serum creatinine \[mean ± SD (mg/dL)\]1.9 (1.4--2.5)1.7 (1.1--2.2).2Admission serum BUN \[mean ± SD (mg %)\]31.5 (20--47)30 (20--30).9Admission CrCl \[mean ± SD (ml/min)\]47.1 (39--64.5)61.7 (37.9--78.6).4TFC on admission \[mean ± SD (kΩ^−1^)\]64.5 (56--70.8)57.5 (50.3--62.5)**.03**[^1]

The use of other medications in the management of heart failure was similar between both groups. Angiotensin converting enzyme inhibitors and beta blocking agents were used by 8 (40%) and 6 patients (30%) respectively in group I compared to 11 (55%) and 5 (25%) in group II (P = .53 and 1) while aldosterone receptors blockers and Digoxin were used by 9 (45%) and 8 patients (40%) compared to 15 (75%) and 7 patients (35%) in groups I and II respectively (P = .1 and 1).

3.1. Efficacy endpoints {#s0025}
-----------------------

Urine output during the first, second and third 24 h after admission was not found to be significantly different between the two groups. During the first day, median urine output was 1.6 (1.1--1.8) ml/kg/h in group I with furosemide infusion compared to 1.2 (1.1--1.5) ml/kg/h in group II with boluses therapy (P = .08). Urine output was 1.6 (1.3--1.8) and 1.6 (1.2--1.9) ml/kg/h in group I compared to 1.3 (1.1--1.6) and 1.4 (1.1--1.6) ml/kg/h in group II during the second and third days respectively (P = .08 and .1).

Body weight was significantly reduced during the first 24 h after admission in group I compared to group II \[2 (1.5--2.5) kg vs 1.5 (1--2) kg, P = .03\]. During second day of admission, the body weight was reduced by 2 (1.1--2.5) kg in group I compared to 2 (1.5--2) kg in group II (P = .4) ([Fig. 1](#f0005){ref-type="fig"}).Fig. 1Weight reduction during the hospital course.

The median (Q1--Q3) values of TFC on admission were high for all patients 60.5 (54.3--69.3) kΩ^−1^ compared to normal range of 25--35 kΩ^−1^ \[20\] reflecting pulmonary congestion. In both groups, the TFC was significantly reduced after 24 h of furosemide therapy compared to baseline. It decreased from 64.5 (56--70.8) kΩ^−1^ to 52.5 (47.5--57.8) kΩ^−1^ in group I (P = \<0.001) and from 57.5 (50.3--62.5) kΩ^−1^ to 50.5 (41--60.8) kΩ^−1^ in group II (P = .001). The admission TFC values were significantly higher in group I compared to group II (P = .03) ([Table 1](#t0005){ref-type="table"}).

The Δ TFC~1~ was significantly higher in group I compared to group II \[10 (6.3--14.5) kΩ^−1^ vs 7(3.3--9.8) kΩ^−1^, P = .02\]. The Δ TFC~2~ was 8 (6--11) kΩ^−1^ vs 6 (3.3--8.5) kΩ^−1^ in groups I and II respectively which was also significantly higher, P = .02 ([Fig. 2](#f0010){ref-type="fig"}).Fig. 2Reduction of the TFC during the hospital course.

The improvement of the NYHA class was not different between the two groups. The NYHA class was unimproved during the 1st 24 h in 5 patients from group I and 6 patients in group II and improved by 1 degree (e.g. from NYHA 4 to 3 or from NYHA 3 to 2) in 15 and 14 patients from groups I and II respectively (P = .7). Similar results were shown during the 2nd day of therapy without improvement of NYHA in 5 and 6 patients and improvement by 1 degree in 15 and 14 patients from groups I and II respectively (P = .6).

3.2. Safety endpoints {#s0030}
---------------------

There was no statistically significant difference between the 2 groups regarding baseline serum creatinine level. However, the follow up serum creatinine level revealed a significant elevation after 48 h in continuous infusion group from the baseline. It was increased by 0.2 (0.1--0.5) mg % in group I compared to 0 (−0.1 to 0.2) mg % in group II, P = .009. The decline in CrCl was also significantly greater in group I compared to group II. It declined by 7.4 (4.5--12.3) ml/min and 3.1 (0.2--8.8) ml/min in groups I and II respectively, P = .02. The development of AKI was however, not significantly different in both groups occurring in 9 patients of group I (45%) compared to 5 patients of group II (25%), P = .3.

The hemodynamic consequence of the administration method was evaluated by the incidence of inotropic and/or vasopressor support need, which was not statistically significant between the two groups. Six of group I patients (30%) needed inotropic and/or vasopressor support compared to 3 (15%) of group II patients, P = .5.

The use of the furosemide infusion during the 1st 24 h was associated with a decrease in serum K^+^ level by 0.1 (0.1--0.5) mEq/L and in serum Na^+^ by 0 (−1 to 1) mEq/L while the bolus administration was associated with decreased serum K^+^ by 0.1 (−0.3 to 0.3) mEq/L and increase serum Na^+^ by 1 (−2 to 1) mEq/L. However, these differences were not statistically significant (P = .2 and 0.5 for serum K^+^ and Na^+^ respectively).

Hypokalemia was observed in 4 patients compared to 3 patients after 24 h of furosemide infusion and boluses respectively which was found to be statistically insignificant (P = 1). However, after 48 h of therapy, it was found that hypokalemia significantly occurred more frequently in the continuous furosemide infusion patients (8 patients in group I developed hypokalemia after 48 h vs 1 patient in group II, P = .02).

3.3. Outcome {#s0035}
------------

We evaluated the effect of the furosemide administration method on the average ICU-LOS. There was no statistically significant difference in the average ICU-LOS between the two groups. It was 6.5 (5--9.8) days in group I compared to 6 (5--8) days in group II (P = .7) ([Fig. 3](#f0015){ref-type="fig"}). Only two patients died from each group during the hospital stay with 10% in-hospital mortality rate. Due to these small numbers, no further statistical inference was concluded for the association between the route of furosemide administration and the in-hospital mortality.Fig. 3The average ICU length of stay in both groups.

4. Discussion {#s0040}
=============

Recent guidelines recommend the use of loop diuretics to improve pulmonary congestion, decrease the left ventricular pressures and reduce peripheral fluid retention.[@b0115] However, the best method of administration is still not known. Many studies revealed contradictory results about the optimum administration. Some studies revealed beneficial results with continuous infusion[@b0120], [@b0125], [@b0130] while others did not.[@b0070], [@b0135] Many of these studies had only subjective efficacy endpoints as symptomatic improvement[@b0070] and others had more objective endpoints as B type natriuretic peptide (BNP).[@b0140] To our knowledge, there were no studies that compared different administration methods on the lung water objectively either invasively through pulmonary artery catheter (PAC) or non-invasively by IC.

We evaluated the difference between intravenous infusion of furosemide in patients admitted with ADHF and intermittent boluses in terms of efficacy and safety. The efficacy was primarily evaluated by the TFC evaluated by ICON.

Transthoracic impedance cardiography was validated for the diagnosis and evaluation of treatment responsiveness in heart failure.[@b0145], [@b0150] The TFC is one of the hemodynamic parameters which is measured by IC that reflects interstitial, intra-vascular and intra-alveolar fluid within the thorax. It was used effectively in ADHF patients[@b0145], [@b0150], [@b0155] and was found to be comparable to the PAC for the evaluation of cardiac output[@b0160], [@b0165] and pulmonary capillary wedge pressure.[@b0170] It was also seen to be correlated with serum BNP levels in heart failure patients.[@b0175]

We randomized 40 patients (24 males, 16 females) admitted with a primary diagnosis of ADHF by 1:1 randomization to 2 groups with equal doses of furosemide during the first 24 h administered as continuous infusion or intermittent boluses. There was no statistically significant difference between study groups regarding demographic data, co-morbidities, etiology of heart failure, and other clinical and laboratory findings.

In our study, TFC decreased significantly during the first two days in patients kept on furosemide infusion. This was not reflected on clinical benefits in terms of improved NYHA functional class. Body weight reduction was more obvious in continuous infusion during the first 24 h, but this difference was not significant during the second 24 h (after allowing dose adjustment).

Other earlier studies showed also that the continuous infusion is associated with greater diuresis.[@b0130], [@b0180], [@b0185] In a Cochrane systemic review, it was shown that the continuous infusion had more diuretic effect and better safety profile. However, no clear recommendations were applied due to the poor quality of their available data that they considered.[@b0125] In another study, continuous infusion caused more urine output and more reduction in plasma BNP.[@b0140] Similar to our results, Llorens et al. showed that the use of continuous infusion caused more diuretic effect but with no symptomatic relief.[@b0135]

The DOSE trial[@b0070] was one of the largest prospective randomized trials that enrolled 308 patients evaluating the administration method of furosemide. They found no significant difference in the subjective patients' global assessment of symptoms. They found also no difference between the two methods regarding treatment failure. The net fluid loss and change in body weight were also similar in both groups. The DOSE investigators allowed a 50% increase in furosemide dose after 48 h in poor responders. The lack of efficacy of infusion method could be attributed to the higher need for increasing the dose and the higher total dose of furosemide they reported in the boluses group.[@b0070] The lack of preferential diuretic effect of infusion in the DOSE trial could be also attributed to the absence of loading doses which efficacy was concluded by some other investigators.[@b0190]

Like other studies,[@b0195] our study showed no association between the diuretic effect and symptomatic relief in heart failure. This was explained by Dikshit et al.[@b0025] who speculated that the symptomatic improvement of furosemide in ADHF is not only related to diuresis but also to venodilation.[@b0025]

Concerning the safety outcomes, we elucidated a significant worsening in kidney functions (serum creatinine and CrCl), with a higher incidence of hypokalemia in infusion group compared to boluses group. Similar to these results, Palazzuoli et al. showed that continuous infusion resulted in higher serum creatinine and lower eGFR and lower serum potassium level with no significant difference in serum sodium.[@b0140] They explained this deterioration in kidney functions by intravascular volume depletion caused by the more potent diuretic effect. Large volume diuresis causes early intravascular volume depletion before this is corrected by plasma refill of fluid from the extravascular space.[@b0200] However, this was not consistent in other studies.[@b0130], [@b0180], [@b0185] The DOSE trial showed similar change of serum creatinine level from baseline to 72 h between the two administration methods.[@b0070]

The incidence of hypotension with the need of inotropic and/or vasopressor support showed statistically non-significant difference between both groups that agreed the results of the DOSE trial. On the contrary, other studies showed that the intermittent infusion caused more variations in urine output and blood pressure and recommended continuous infusion in hemodynamically unstable patients due to the more predictable urine output.[@b0205]

There was no statistically significant difference in the average ICU-LOS between the two groups. These results were similar to that shown in the DOSE trial where there was no difference in the length of stay and in-hospital mortality between the two administration methods.[@b0070] Another study showed however, an increased length of hospital stays and mortality with the use of continuous infusion of furosemide.[@b0140] In these studies, the length of stay was a secondary outcome.

Our study was limited by the small sample size including only 20 patients in each group. The change of the dose of furosemide that was allowed after the 1st 24 h was not controlled and was left to the discretion of the treating physician. The comparison between the two administration modalities was accordingly possible only during the 1st 24 h. The baseline TFC was significantly higher in infusion group and accordingly, we compared the temporal change of TFC rather than their actual measures. We did not give loading doses of diuretics in the continuous infusion group. Copeland et al. found that the continuous infusion would result in a gradual increase of plasma levels and peaks after several hours of infusion.[@b0190] The use of continuous infusion of furosemide needs to be evaluated especially in patients with chronic renal impairment and those with diuretic resistance.

5. Conclusions {#s0045}
==============

In conclusions, despite that the use of continuous infusion of furosemide in ADHF might cause more diuresis and greater decease in TFC, this may be on the expense of a higher risk of deterioration in renal functions and may not translate into symptomatic improvement or decrease in ICU stay.
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[^1]: HR: Heart rate, AF: Atrial fibrillation, EDD: End diastolic dimension, ESD: End systolic dimension, EF: ejection fraction, Na^+^: Sodium, K^+^: Potassium, BUN: Blood Urea Nitrogen, CrCl: Creatinine Clearance, TFC: Thoracic Fluid Content.
